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Abstract 
 
This note describes the calculations leading to the design specifications and location of the 
photon dump in the ILC positron source system.  The dump is a 1 m diameter, 1.5 m long 
water tank, pressurized to 10 bar, containing a 0.5 m rear compartment of water-cooled 
copper plates or a packed bed of water-cooled copper spheres.  It must be located 
approximately 700 m from the center of the helical undulator. 
 
Introduction and Background 
 
The ILC positron source uses an undulator based photon beam into a titanium conversion target.  The 
low energy/high power photon beam presents special challenges for using solid materials to dissipate 
this much power in a short distance.  The photons exit the helical undulator in a very small angular cone, 
so that to keep the peak energy density in the photon dump materials to a tolerable level, the photon 
beam must be allowed to drift a substantial distance before hitting the absorber.  This work will show 
that with the RDR undulator parameters and baseline layout, a small water dump with a thin titanium 
entrance window will safely absorb the remaining photon beam including a 35% overhead. 
 
The water flow configuration has to be such as to reliably prevent conditions that would lead to volume 
boiling during one bunch train.  A concept using a vortex like flow pattern and off-axis beam trajectory 
was chosen [1].  Here the flow is transverse to the momentum vector of the beam.  For the 1 msec 
duration of a bunch train and a reasonable water velocity of 1 m/sec across the beam trajectory, the 
water moves only 1 mm during the bunch train.  Given the small transverse size of the incoming photon 
beam, it must be assumed that all the energy in a bunch train is contained in the same micro volume. 
 
With water as the primary absorber, there are several challenges associated with the window into the 
water tank.  It has to not only survive the temperature rise and resulting thermal stresses due to one 
bunch train, but the cyclic nature of the beam requires that it reliably survive a very large numbers of 
trains.  The window also has to be able to withstand the shock waves generated by the collapse of the 
water vapor bubbles (cavitation near the window surface) in the nucleate boiling heat transfer regime 
with high sub-cooling.  Titanium alloy Ti-6Al-4V has excellent tensile and yield strength properties, 
even at elevated temperature, and the product of modulus of elasticity and the coefficient of thermal 
expansion (a measure of the expected thermal stresses) is lowest among readily available engineering 
metals.  Since the window operates at elevated temperatures and will be exposed to a large number of 
cycles, and since the beam causes formation of vacancies and interstices in the lattice which tend to 
modify the properties of a specific alloy, and further, since window exchanges (planned or on an 
emergency basis) expose personnel to residual radioactivity levels, it is prudent to use a conservative 
approach in evaluating the window design.   
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Photon Beam Parameters 
 
The total energy lost in a helical undulator is given by [2], 
 
 
 
where Ee is the electron beam energy = 150 GeV, λµ is the undulator period = 1.15 cm, and K is the 
undulator parameter = 0.092.  For an undulator of 147 m active length and a beam intensity of 
2.625x1014 electrons/s [3], the total photon power is 131 kW (297 photons/electron).  However, to allow 
for the possibility of a smaller λµ and larger K, the photon dump will be designed for a total photon 
power of 180 kW (408 photons/electron).  Figure 1 shows the photon spectrum from a helical undulator 
normalized to the energy of the first harmonic cutoff, 10.06 MeV.   
 
 
  
Figure 1.  Spectrum of photons leaving the helical undulator for an electron beam energy = 150 
GeV, undulator period = 1.15 cm, and undulator parameter = 0.092.  The average 
photon energy is 10.50 MeV.   
 
Simulation Method 
 
Code EGS4 [4] was used to simulate the power deposition in the undulator photon dump using the 
spectrum shown in Fig. 1.  Figure 2 shows the EGS4 model for the case where the photon dump is 
665m from the center of the undulator.  Other runs were made for the dump 1015 m from the center of 
the undulator.  In order to find the maximum temperature rise in the dump window and adjacent water, 
the volume elements in the model must be smaller than the electromagnetic shower radius at the depth 
being sampled.  To get an accurate estimate of Edep vs. depth in the material, the e± kinetic energy cutoff 
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was set to 50 KeV and the photon energy cutoff was set to 5.0 KeV.  In the simulation the photon 
production location within the undulator is randomly selected, and the production angle, regardless of 
energy, is randomly selected from a Gaussian distribution whose standard deviation is me/Ebeam = 3.4 
µrad. 
 
Figure 2.  EGS4 model of the undulator-photon dump system as described in the ILC RDR.  
 
Results and Discussion 
 
Figure 3 is a plot of the temperature rise vs. radius in the titanium window on the front of the photon 
water dump for normal operation and for the rare case when no titanium production target is present.  A 
cyclic temperature rise of ≤ 300°C over ambient (say 30°C) should guarantee long term survival.  In a 
fully restrained body the thermal stress rise is on the order of < 40,000 psi. That should suggest 
successful operation for >108 cycles at ~300°C.  This can be assured at an undulator-dump distance of 
~665 m.  For that distance, the maximum power density in the center of the window is 3.2 kW/cm3.  
The resulting heat flux (0.32 kW/cm2) into the adjacent cooling water is thus in the nucleate boiling 
heat transfer regime, but it is comfortably below the 2 kW/cm2 heat flux limit established at SLAC for 
small beam-heated areas [5].  A separate jet of water impinging in the area of peak heat flux together 
with a high sub-cooling will prevent film boiling conditions at the window surface.   
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Figure 3.  Temperature rise vs. radius in the 1 mm thick titanium window on the front of the 
photon water dump for normal operation and for the case when no production target 
is present.  
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Figures 4 and 5 show the temperature rise in the water as a function of distance from the window for 
normal operating condition and for the rare case when no titanium production target is present.   
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Figure 4.  Temperature rise in the water along the beam axis in the photon dump for four radial 
bands in the normal operating conditions.  
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Figure 5.  Temperature rise in the water along beam the axis in the photon dump for four radial 
bands in the case when no titanium production is present.  
 
It is seen that the maximum energy deposition occurs only 3-4 cm into the water, compared to a high 
energy beam water dump where the maximum energy deposition occurs 1-1.5 m into the water.  If the 
local water pressure is assumed to be 10 bar, the boiling point of water will be 180°C.  Since volume 
boiling may have serious consequences for the solid power absorption medium beyond the water 
section, the maximum bunch train temperature rise needs to be conservatively below 180°C, say 120°C 
maximum above ambient.  The 665 m undulator-dump distance is also a good match to achieve that.  
For a bunch train repetition rate of 5 Hz (200 msec spacing), the heated micro volume will travel 20 cm; 
and there is no bunch train overlap possible, even at the modest velocity of 1 m/sec.  Moreover, in a 
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vortex flow, after having made one full revolution and mixed with adjacent “cold” water, the “lump” of 
heated water has spiraled inward and will return on a smaller radius. 
 
The overall length of the dump can be minimized if the length of the water (vortex) section is optimized.  
It needs to be just long enough to attenuate the photon beam to a level where water-cooled solid 
materials can safely be introduced.  For a water section length of 100 cm, the remaining beam power is 
≈ 16.5% (30 kW) of the total incoming photon beam in normal operation.  A compartment of water-
cooled copper plates or a packed bed of water-cooled copper spheres are two suggested methods to 
dissipate the remaining power in a short distance.   
 
Note that the 1.4 cm thick titanium pair-production target absorbs ≈ 7.3% (13 kW) of the photon beam 
power.  Additionally, ≈ 5.2% (10 kW) of charged energy leaves the target. 
 
The amount of beam energy directly dissipated in water is ~130 kW.  At steady state, radiolysis will 
generate 0.04 liters/sec of hydrogen at 1 bar.  This will require a hydrogen recombiner system similar to 
those in use at SLAC [6, 7]. 
 
Upgrade to 1 TeV CM 
 
  In the ILC reference design, the undulator/positron target system is located on an axis parallel and 
displaced about 2.5 m from the linac on the side away from the tunnel aisle.  To accomplish this offset 
and return the 150 GeV electron beam to the linac requires a string of combined function dipoles 
arranged in 323 m long S-bends on each end of the undulator.  The total length of this S bend is 
determined by the requirement to keep the beam emittance increase from synchrotron radiation to less 
than a few percent.  Therefore, when changing the beam energy by a factor of two, it would be 
necessary to relocate the entire positron production system upstream to the new 150 GeV point in the 
linac. 
 
Conclusions 
 
1. It is recommended that the photon dump be a water cylinder with a 1 mm thick titanium alloy 
window.  The cylinder should contain about 1 m of water in the beam direction followed by 50 cm 
of copper plates or spheres in water.  The axis of the cylinder must be offset from the photon beam 
axis by 10-15 cm; so a cylinder radius of about 50 cm is sufficient.  This is to be compared with the 
75 cm radius, 4 m long water dumps at the end of the ILC extraction lines. 
 
2. Since a single 1 msec bunch train must not cause more than a 300°C temperature rise above ambient 
in the titanium window, the dump window must be approximately 700 m from the center of a 200 m 
helical undulator. 
 
3. The maximum energy deposition in the photon water dump occurs 3-4 cm from the dump window, 
and to keep the maximum temperature increase in water approximately 120°C above ambient also 
requires the dump to be located approximately 700 m from the center of the helical undulator. 
 
4. The water dump will need to be surrounded by an amount of steel and concrete shielding 
appropriate to protect nearby accelerator components and the environment from 200 kW continuous 
absorption of 10 MeV photons.  Simulations of the neutron background emanating from the dump 
need to be performed. 
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